Abstract: Electrochemical decolorization of textile dyeing wastewater containing Reactive Violet 5 (RV5) were investigated at Pt/Ir electrodes in the presence of 75% NaCl + 25% Na2CO3 (w/w) supporting electrolyte mixture in a batch electrochemical reactor. Experimental parameters were operated in the range of 300-1500 mg/L textile dye concentration, 4-20 g/L 75% NaCl + 25% Na2CO3 electrolyte concentration, 5-15 mA/cm 2 current density, and 20-60°C reaction temperature in 15 min electrolysis time. Reactive Violet 5 decolorization increased with increasing current density and electrolyte concentration, and decreasing the textile dye concentration. Although a slight increase obtained in color removal efficiency, the temperature did not show much significant effect on decolorization. Depending on electrochemical reaction conditions, Reactive Violet 5 textile dye decolorization were obtained between 42.8-100%.
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INTRODUCTION
Main processes in textile industry are singeing, desizing, sizing, bleaching, scouring, mercerization, dyeing, and finishing (1) (2) (3) . Approximately 160 lb of water is required to produce 1 lb of textile product. Therefore, large amounts of wastewater are produced in textile manufacturing industry.
The application of color to the textile material is called dyeing and it may take place at any stage in the textile manufacturing process (2) . In batch dyeing process, an amount of textile substrate is loaded into a dyeing machine and brings to the equilibrium with dyeing solution. In continuous dyeing processes, textile products are fed continuously into a dye solution at various speeds (2) .
Reactive and direct dyes are used for cotton, and disperse dyes are used for polyester in common.
Dye molecules enter the fibers from the dye solution in a period of time depending on type of fabric and textile dye (2, 4) . The dye percentage in a bath that fixes to the textile fibers is called dye fixation. Direct and reactive dyes have a fixation rate of 90-95% and 60-90%, respectively (2, 4) . Dye fixation occurs more rapidly in continuous dying process than batch dyeing (2) . Salt, auxiliary chemicals, and temperature controlled dye bath conditions enhance and optimize the fixation efficiency of the dyeing process (2) . Typical cotton dyeing processes use sodium chloride and sodium carbonate as common salts (4) .
The main source of dyeing wastewater is rinsing processes and spent dye bath which typically contains auxiliary chemicals, salt and residual dye (4) . Textile wastewater is a hard-to-treat one due to its strong color, large amount of suspended solids, high chemical oxygen demand (COD), variable pH, salt content, and high temperature. Wastewater from textile processes that can cause damage if not treated before discharging to the environment (3). The major problems in the dyeing process are decolorization, removal of pollutants, salt elimination, and water-use reduction (4).
Electrochemical oxidation is a promising wastewater treatment method and replacing conventional processes in order to treat wastewater from industrial processes which are not easily biodegradable (4) . Electrochemical technologies are novel treatment technologies for the elimination of broad-range of organic pollutants from water and wastewater including various types of textile dyes (5) (6) (7) (8) . Several advantages include easy operation and handling, automation, high efficiency, simple equipment, safety, operations under ambient temperature and pressure conditions. They can be applied to various types of effluents with chemical oxygen demand (COD) ranging from 0.1 g/L to about 100 g/L (5-8).
The strategies of electrochemical technologies include the treatment of effluents and wastes, and also the development of new processes or combined methods with less harmful effects (5-8).
Electrolysis reactions involve electrical charges moving between the electrolyte and the electrodes. The process depends on the use of direct electric current for the chemical changes in non-spontaneous oxidation/reduction reactions.
In the literature, the electrochemical treatment have been tested for textile dye degradation with a large variety of electrodes including iron, aluminum, boron-doped diamond (BDD), carbon, In this study, the electrochemical decolorization of Reactive Violet 5 (RV5) textile dye was investigated using Pt/Ir electrodes. The effects of process variables such as electrolyte concentration, current density, initial dye concentration and reaction temperature on textile dye removal were analyzed.
MATERIALS AND METHODS

Chemicals and Materials
Reactive Violet 5 (RV5) textile dye (Sigma Aldrich) (Figure 1 ), Na2CO3 and NaCl (Merck) were purchased as extra pure grade. Textile dyeing wastewater was prepared synthetically using double distilled water, which was obtained using ultrapure water system (Millipore Simplicity ® UV) and water still (GFL-2008) with the resistivity of 18.2 MΩ·cm@25°C, TOC < 5 ppb. Samples in 10 mL volume were withdrawn from the reaction medium at 5 min time intervals for the analysis. Decolorization yield was analyzed using UNICO 4802 model UV/Vis double beam spectrophotometer at 520 nm wavelength.
RESULTS AND DISCUSSION
Textile dye concentration, current density, electrolyte (75% NaCl+25% Na2CO3) concentration and reaction temperature parameters were investigated on electrochemical decolorization efficiency of Reactive Violet 5 (RV5) textile dye using Pt/Ir anodes. In this study, 75% NaCl+25%
Na2CO3 (w/w) mixture was used as a supporting electrolyte in order to increase the ionic conductivity of the reaction medium which are also main components in real textile industry wastewater (1).
Experimental results were analyzed using Design-Expert  10 software. Reactive Violet 5 textile dye decolorization were obtained between 59.7-98.7% depending on electrochemical reaction conditions as shown in Table 1 . In the study, complete decolorization was also achieved over 15 min electrolysis time. In electrochemical treatment processes, organic pollutants could be removed from wastewater by indirect and direct mechanisms (5-7,9,10). Indirect oxidation occurs in the liquid bulk phase by the mediated oxidants, and direct oxidation at the anode surface (5-7,9,10). Most electrochemical processes are based on indirect oxidation because direct oxidation of organic pollutants are very slow on inert anodes due to limiting reactions and reaction kinetics (8, 11) .
Hydroxyl radicals are produced by the anodic discharge of water in indirect electrochemical oxidation of organic pollutants at Pt/Ir anodes. Hydroxyl radicals adsorb on the anode surface [S], and oxidize the organic material (12, 13) . This reaction could also occur in acidic medium at high current densities (13) . Oxidation process continues by the formation of hydroxyl radicals with anodic discharge of water molecules (12, 13) .
[ ]
Chlorohydroxyl radicals are also produce with the presence of chloride ions, and adsorb on the active sites of the anode surface [S], and then oxidize the organic material (12, 13 
(Eq. 11) It can be seen from Figure 3 that decolorization of RV5 dye exponentially decreases with time and almost disappears after 60 minutes resulting in complete decolorization of the solution. This exponential decrease of textile dye decolorization can be described by Equation (13) (17) . The rate of degradation relates to the probability of OH radicals formation on the electrode surface and production of oxidizing redox reagents. As the initial concentrations of the dye increase the probability of reaction between dye molecules and oxidizing species also increases leading to an enhancement in the decolorization rate (17, (23) (24) (25) . In this study, reaction rate constants were obtained in a good agreement with the data previously reported in the literature for the electrochemical treatment of various types of textile dyes (5).
The pH of the reaction medium was changed between 10 and 11.5 as shown in Figure 4 , which was observed in most of the runs and was most likely due to hydrolysis, ionization and HOCl/OCl − consumption reactions, and production of hydroxyl ions and oxygen evolution reaction as well (4, 26) . The effect of alkaline medium was also investigated in the literature for electrochemical and photocatalytic oxidation processes (5, 17, 21) . Konstantinou and Albanis (23) reported the difficultness of the interpretation of pH effects on the efficiency of dye degradation process due to its multiple roles. The authors stated that in alkaline solution OH radicals are easier to be generated by oxidizing more hydroxide ions. Saquib and Muneer (17) indicated that the efficiency of degradation rate for the decomposition of textile dye was better at pH 3.5 and 11, whereas it was lower at pH values 5.8 and 9. In contrast, the degradation rate for the mineralization of the dye was found to decrease with the increase in pH from 3.5 to 9 and further increase in pH leads to increase in the efficiency of the degradation rate for TiO2-mediated photocatalytic degradation of a triphenylmethane dye. Gonçalves et al. In Figure 7 , dye decolorization was obtained as 56.2-100% between 5-15 mA/cm 2 current density and 4-20 g/L 75% NaCl+25% Na2CO3 (w/w) electrolyte mixture. Increasing current density increased the decolorization efficiency as shown in Figures 7 and 8 . In Figure 7 , higher than 95% decolorization was achieved between 14.5-18.8 g/L electrolyte concentration. Increasing NaCl concentration increased the decolorization efficiency by generation of HOCl/OCl − redox reagents (4) . Degradation efficiency increased with increasing current density that resulted in formation of OH radicals at Pt/Ir anode, and increased formation rate of HOCl/OCl − oxidants in the bulk phase.
It is very well known that current density is one of the effective parameters for controlling the mass transfer and reaction rate in electrochemical processes (4). Although increasing current density increases electrochemical oxidation efficiency, applied current may be consumed by secondary reactions at high cell potentials (10, 30) . Therefore, optimum current density was determined as 12.8 mA/cm 2 for the highest electrochemical decolorization efficiency. Dye decolorization was obtained as 62.3-100% between 5-15 mA/cm 2 current density and 20-60°C reaction temperature in Figure 8 . In Figure 8 , higher than 95% decolorization was achieved above 10.2 mA/cm 2 current density and 30°C reaction temperature. Therefore, optimum reaction temperature was determined in the mid of the experimental conditions as 40°C. The optimum operating region was determined for the highest electrochemical decolorization efficiency of Reactive Violet 5 textile dye using Pt/Ir electrodes in Figure 9 . The shaded region in Figure 9 shows the decolorization efficiency of higher than 95% for Reactive Violet 5 concentration and 75% NaCl+25% Na2CO3 electrolyte mixture at optimum operating values of 40 o C reaction temperature and 12.8 mA/cm 2 current density. The optimum operating region was found to be applicable for the electrochemical treatment of industrial textile wastewater. 
CONCLUSIONS
Electrochemical textile dye decolorization were investigated using Pt/Ir anodes in the presence of 75% NaCl+25% Na2CO3 supporting electrolyte mixture. Reactive Violet 5 decolorization increased with increasing current density and electrolyte concentration, and decreasing the textile dye concentration. Although a slight increase obtained in color removal efficiency, the temperature was not show much significant effect on decolorization. Reactive Violet 5 textile dye decolorization were obtained between 42.8-100% depending on electrochemical reaction conditions in 15 min reaction time without any further treatment. The optimum operating region at higher than 95% decolorization efficiency was determined for the Reactive Violet 5 textile dye. It can be concluded that Reactive Violet 5 textile dye decolorization obtained with the degradation of azo group in the dye molecule by the formation of redox reagents and weakly adsorbed hydroxyl and chlorohydroxyl radicals at the anode surface. Experimental findings showed that electrochemical oxidation could be an alternative for the decolorization of textile wastewater effluent.
